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Abstract 
We demonstrated gate controlled spin precession in InGaAs based mesoscopic ring arrays. We applied two 
different gate insulators, Al2O3 and SiO2, to compare the gate sensitivity for the spin precession. Al’tshuler-Aronov-
Spivak (AAS) oscillations were clearly observed and the resistance amplitude of AAS oscillations at zero magnetic 
field depends on the gate voltage. The spin precession angle of 2S is achieved by the gate voltage of 5.4 V for SiO2
gate insulator and 0.6 V for Al2O3 gate insulator. Al2O3 gate is effective for electrical spin manipulation and enables 
the spin manipulation in a wide range. 
PACS: 72.25.Rb; 73.20.Fz; 73.21.Hb; 73.61.Ey 
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1. Introduction 
Electrical spin manipulation without any external magnetic fields is one of the key technologies for the realization 
of the spintronics devices. This spin manipulation is traditionally done by using ferromagnetic materials or external 
magnetic fields. To realize the spin-field effect transistor (spin FET) proposed by Datta and Das [1], the spin 
injection, spin detection and gate controlled spin rotation are required. However, the spin injection and spin 
detection from ferromagnetic electrode into two dimensional electron gas (2DEG) is still challenging and it makes 
difficult to demonstrate the electrical spin manipulation. To solve this problem, the spin-interference device has been 
proposed by Nitta et. al. [2], which operates without ferromagnetic materials and external magnetic fields. Rashba 
spin orbit interaction (SOI) caused by structure inversion asymmetry of valence band can be modulated by the 
external gate bias on top of the 2DEG [3] resulting in the electrical control of effective magnetic fields. For the 
electrical detection of spin precession, Aharonov-Casher (AC) effect is measured for the spin phase shift by 
fabricating mesoscopic ring arrays [4,5]. In the AC effect, external electric field modulates the spin phase of electron 
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wave packet traveling along the ring, and it leads to the resistance change of Al’tshuler-Aronov-Spivak (AAS) 
oscillation. This is an electromagnetic dual to the Aharonov-Bohm (AB) effect where orbital phase is modified by 
magnetic field through vector potential. In this letter, we demonstrated the gate controlled spin precession in InGaAs 
based mesoscopic ring arrays. We applied two different gate insulators, Al2O3 and SiO2, to compare the gate 
sensitivity for the spin precession. 
2. Experimental 
An In0.53Ga0.47As/In0.7Ga0.3As/In0.53Ga0.47As based 2DEG structure is epitaxially grown on (100) InP substrate by 
metal organic chemical vapor deposition. A 150 nm-thick SiO2 insulator was formed by RF sputtering on top of 
50×50 ring array, where the ring diameter is 1.3 Pm and the ring width is 340 nm. A 100 nm-thick Al2O3 insulator 
layer was deposited by atomic layer deposition on top of 32×32 ring array, where the ring diameter is 2.06 Pm and 
the ring width is 152 nm. Scanning microscope images of fabricated rings are shown in Figs. 1(a) and (b). By 
fabricating array structure of the ring, we can average out some of the universal conductance fluctuations (UCF) and 
AB oscillation [6]. These ring arrays were connected to the Hall bar structure to measure the carrier density Ns and 
the strength of the Rashba SOI parameter D We measured magnetoresitance oscillations in the two different ring 
arrays by changing gate bias voltages Vg. The external magnetic field was applied perpendicular to the quantum well 
plane. The Rashba SOI parameter was derived from the weak antilocalization (WAL) of the magnetoresitance 
measurement in the Hall bar device. Sheet carrier density Ns was determined by Shubnikov de Haas oscillations in 
the case of large ring array and Hall measurement in the case of small ring array. All the measurements were 
preformed with a 3He cryostat refrigerator at T = 0.27 K. 
3. Results and Discussion 
Figure 2 shows the gate bias dependence of Ns for the large ring with 100 nm-thick Al2O3 insulator and the small 
ring with 150 nm-thick SiO2 insulator. By comparing the carrier density change on the gate bias voltage, dNs/dVg in 
Al2O3 gate insulator is enhanced about 3.6 times larger than that in SiO2 gate insulator. An enhancement of the 
carrier accumulation for Al2O3 gate insulator is due to the combination effect of higher dielectric constant and 
thinner insulator thickness. To confirm this, we derived dielectric constant of Al2O3 and SiO2 from the gate bias 
dependence of Ns by taking into account two series capacitance model. Since both the gate insulator and the surface 
semiconductor barrier layer act as the capacitance between the gate electrode and InGaAs 2DEG, accumulation of 
carrier density ǻNs by the gate voltage change ǻVg is described as, 
(a) 1Ǎm 1Ǎm(b)
Figure 1. Scanning electron microscope (SEM) images of (a) 50×50 ring 
array with outer diameter do = 1.3 ȝm and inner diameter di = 0.62 ȝm
and (b) 32×32 ring array with do = 2.06 ȝm and di = 1.62 ȝm.  
Figure 2. Gate voltage dependence of sheet carrier density in 
Al2O3 and SiO2 insulator samples 
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where di and İi (i = g, s) are the thickness and the dielectric constant of gate insulator (i = g) and surface 
semiconductor layer (i = s), respectively. By substituting dg = 150 nm for SiO2 and 100 nm for Al2O3, ds = 31.5 nm 
for the total thickness of the In0.52Al0.48As and AlAs barrier layers, and İs = 12.46 for the dielectric constant of 
In0.52Al0.48As [7], we obtained 2SiOiH  = 2.23 for SiO2 and 32
OAl
iH  = 5.72 for Al2O3 which are comparable for the 
conventional dielectric constant of these materials [8,9]. Consequently, large difference between Al2O3 and SiO2
dielectric constants, whose ratio shows 32OAliH  / 2
SiO
iH  = 2.57, induces the enhanced dNs/dVg of InGaAs 2DEG with 
Al2O3 gate insulator. 
Now, we compare the gate voltage dependences of the AC effect. The AAS oscillation amplitude is modulated by 
the spin phase shift and it is given by [2,10,11] 
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Here r is the radius of ring, and m* is the effective mass of electron. In Eq. (2), spin precession angle for the 
clockwise direction is rmCW SDT 2)/2( 2* ! and opposite phase is acquired for the counter clockwise direction. If the 
Rashba SOI is sufficiently strong or the ring is designed with large diameter, 2ʌ oscillation of AAS amplitude by Vg
corresponds to 4ʌ spin precession, i.e., rmCCWCW SDTT 2)/2(2 2* !  .
Figures 3(a) and (b) show the amplitude of AAS oscillation at B = 0 as a function of the gate bias voltage for SiO2
and for Al2O3 gate insulators, respectively. Each period of the oscillation corresponds to the modulation of the spin 
precession angle, which agrees well with the calculated oscillation period by taking into account the Rashba SOI 
parameter D analyzed by WAL measurement with Iordanskii, Lyanda-Geller, and Pikus theory [12]. These 
oscillations exhibit the AC effect caused by spin interference due to the modulation of Rashba SOI. This is the 
experimental demonstration of the gate controlled spin rotation. Since the external gate bias changes the effective 
magnetic field inside the QW, the electron wave packets moving opposite directions in the ring generate either 
constructive or destructive interference depending on the spin phase shift at the incident point. Gate sensitivity of 
spin precession dT/dVg is 0.757 rad/V and 5.564 rad/V for SiO2 and Al2O3 gate insulator, respectively. Considering 
the difference of ring radius between two samples, dT/dVg of Al2O3 gate insulator is about 3.53 times larger than that 
of SiO2 gate insulator. This corresponds to the difference of dNs/dVg between two samples. We note that the spin 
precession period for Vg is drastically changed in different gate insulator samples. According to this result, Al2O3
high-k gate insulator is effective for the electrical spin manipulation and it enables us for the spin manipulation in a 
wide range. 
Figure 3. Gate voltage dependence of AAS oscillations at B = 0 in (a) SiO2 and (b) Al2O3 gate insulators. 
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4. Conclusion 
We have demonstrated the gate voltage control of spin rotation based on the Rashba SOI by employing the large 
and small ring arrays with Al2O3 and SiO2 gate insulators. The oscillation phases of AAS amplitude at B = 0 
switches between negative and positive as a function of the gate bias voltage. It corresponds to the electrical 
manipulation of spin rotation due to the modulation of the Rashba SOI parameter Į. Spin precession angle of 2ʌ is 
achieved by changing the gate voltage for ǻVg = 0.6 V in large ring array with Al2O3 gate whereas ǻVg = 5.4 V in 
small ring array with SiO2 gate. By taking the gate sensitivity of Į between Al2O3 and SiO2 insulators and ring 
diameters in to account, we can explain the enhancement of the gate sensitivity in the ring array with Al2O3 gate due 
to higher dielectric constant in comparison with SiO2.
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